###### Strengths and limitations of this study

-   We validated the self-reported age at menarche using computer-assisted self-administered interviewing (CASI), in comparison with face-to-face interviewing (FFI), in a large population of 3478 schoolgirls in six provinces in China nationwide.

-   The correlations in subgroups according to locations, grades, awareness in reproductive health and breast tanner stages were determined, and the correlation of the age at menarche reported using CASI with FFI was poorer among girls in lower grades or those with poor reproductive health knowledge.

-   The data collected using CASI and FFI were self-reported and not prospectively recorded in this study.

Introduction {#s1}
============

Menarche, one of the milestones in pubertal development, is regarded as a unique maturation marker of transition from girls' childhood to adulthood and is considered an essential public health target for sexual education. The age at menarche is related to mental disorders.[@R1] Both early and late menarche were associated with an increased risk of vascular disease.[@R2] Therefore, a valid assessment of menarcheal age is fundamentally needed for epidemiology studies that are conducted to evaluate the impact of timing of menarche. Self-reporting of menarcheal age by face-to-face interviewing (FFI) has been commonly used and considered valid and effective for evaluating the timing of menarche by short-term recall.[@R4]

Girls' attitude to menarche has been found to vary according to their different cultural backgrounds.[@R6] In Asian countries, girls are more sensitive and conservative regarding reproductive health issues. Therefore, Asian girls tend to feel ashamed when talking about menarche. Computer-assisted self-administered interviewing (CASI), in which respondents read the questions of a survey on a computer screen and then directly enter their responses into a computer, has been applied for investigating reproductive health to improve the quality and efficiency of self-reported data.[@R8] In addition to cost-saving, a higher reporting of adolescent sexual behaviour, drug use and violence in surveys of risk behaviours were observed with CASI for school-aged children in comparison with FFI or paper-and-pencil self-administered interviews.[@R9] This was because the CASI provides increased privacy of responses and the freedom for reporting behaviours that are widely believed to be risky or socially undesirable.[@R11] However, FFI for assessing adverse experiences is generally regarded as superior to self-administered interviewing because FFI allows for probing and clarification of relevant details and minimises biases related to subjective responses.[@R13] To our knowledge, there are currently no studies conducted to examine the validity and reliability of self-reported menarche data by CASI in Chinese culture.

The objective of the present cross-sectional study was to confirm the validity of the status and age of menarche attainment among schoolgirls in China obtained using CASI in comparison with FFI.

Method {#s2}
======

Population and sample {#s2a}
---------------------

This cross-sectional study was conducted in six provinces in China from November 2012 to April 2013. A total of 4290 girls from 26 sampled schools were recruited. These girls were sampled using the multistage cluster sampling strategy.[@R14] There were 24 girls with missing records regarding menarche and 788 girls refused to undergo the physical examination (online [supplementary table S](#SP1){ref-type="supplementary-material"}). Finally, 3478 girls were interviewed by both CASI and FFI.
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Both parental permission and students' consent were obtained for all participants before the survey.

Data collection {#s2b}
---------------

Sawtooth Ci3, V. 2.6.16 (Sawtooth software, Inc., Utah, USA) was used to compile the questionnaire that was administered using personal computers. During CASI, girls were interviewed with two main questions regarding their menarche. The first question was 'do you have menstrual periods?'; if the answer was 'yes', they were asked 'how old were you when you started your first period?'. Additional questions were asked as necessary to probe for a more accurate date of menarche attainment (eg, 'what grade in school were you?' and 'what season was it?'). Girls were also tested for their awareness in reproductive health related to pubertal development, pregnancy and knowledge and perception of sexually transmitted diseases and acquired immune deficiency syndrome. The test contained 26 and 27 questions for girls in primary and middle schools, respectively. There were three research assistants in each room with 25\~50 computers. One of these assistants issued unique codes and explained the background and objective of the survey, while the other two helped the participants log into the computers using the codes and provided guidance for completing the interview. The research staff uploaded and saved the data to the computer station at the end of the survey. The research staff did not interpret survey questions or observe the participants respond to specific survey questions.

We also conducted a physical examination and FFI for the girls who had completed CASI (n=3478). During FFI, the girls were also asked the same two main questions regarding their menarche. The trained clinicians first explained about menstrual periods to the girls and clarified that menarche was the first menstrual bleeding. The clinicians also asked necessary questions to help the participants recall their age at menarche (eg, 'what grade in school were you?' and 'what season was it?'). Girls were additionally examined for their pubertal development (eg, inspection and palpation of breast), and their medical and surgical histories were obtained.

Statistics {#s2c}
----------

FFI, conducted by the clinicians, was used as the reference for determining the age at menarche. The capacity of CASI to correctly classify the status of menarche (dichotomous data: yes/no) was verified by tools of standard epidemiological indices, including sensitivity, specificity, predictive values and accuracy.[@R15] There were three options for the CASI method: yes, no and unclear. Sensitivity was defined as the proportion of girls truly having menarche who were correctly grouped as such by the CASI. Specificity represented the proportion of girls who truly had no menarche and were correctly grouped as such by CASI. The predictive values were calculated as positive predictive value (PPV) and negative predictive value (NPV). The PPV was the proportion of girls truly having menarche among girls categorised as such by CASI. The NPV was the proportion of girls who truly had no menarche among girls categorised as such by CASI. The accuracy rate was the proportion of agreement between the classification of menarche status between CASI and FFI.

Subgroup analysis was conducted according to location (urban and rural), grades (grades 5--6: primary school, grades 7--9: junior middle school and grades 10--12: senior middle school), awareness in reproductive health and Tanner stages of breast development. The awareness of reproductive health was categorised into three groups according to the proportion of questions that the girls answered correctly (\<25%, 25%--50% and \>50%); all the questions were assumed to be equally important for evaluating their awareness. Breast development was categorised as Tanner stages B1--B5, where stage 1 (B1) represented immaturity and stage 5 (B5) represented full maturity.[@R16]

A retrospective method was used to estimate the average age at menarche, and the means and percentiles (P5, P25, P50, P75 and P95) were calculated. Both Pearson and Spearman correlations were computed for determining the consistency of the age at menarche by CASI and FFI. The correlations between the difference in the age at menarche (CASI-FFI) and time interval between investigation and menarcheal onset were also calculated. Correlations were classified according to Cohen's criteria whereby a correlation of 0.10, 0.30 and 0.50 indicated a small, medium and large effect size, respectively. A Bland-Altman plot was constructed to measure the agreement of the age at menarche between FFI and CASI.[@R19] The age at investigation was computed according to the girls' birthdate, as obtained by FFI, and the date of investigation.

Results {#s3}
=======

The mean age of the study participants was 14.3 years (SD: 2.46 years). Of the 3478 girls, 53.5% were from urban areas, 68.7% had a low awareness of reproductive health (\<50% of correctly answered questions) and 24.1% answered \<25% of the questions correctly. Almost 60% of the participants were categorised in the late Tanner breast stages (B1: 6.4%; B2: 10.5%; B3: 23.5%; B4: 28.1%; B5: 31.5%; [table 1](#T1){ref-type="table"}).

###### 

The capacity of computer-assisted self-administered interviewing (CASI) to correctly classify menarcheal status using face-to-face interviewing (FFI) as a reference

                                     Age at investigation M (SD)(years)   Menarche attainment n (%)   Time since menarche M (SD) (years)   Sensitivity   Specificity   PPV    NPV    Accuracy   
  ---------------------------------- ------------------------------------ --------------------------- ------------------------------------ ------------- ------------- ------ ------ ---------- ------
   Total (n = 3478)\*                14.3 (2.46)                          2538 (73.0)                 2496 (71.2)                          2.81 (1.75)   0.97          0.80   0.99   0.96       0.92
  Location                                                                                                                                                                                      
   Urban (n=1863)                    14.3 (2.51)                          1389 (74.6)                 1364 (73.2)                          2.96 (1.80)   0.97          0.88   0.99   0.96       0.95
   Rural (n=1615)                    14.3 (2.40)                          1149 (71.2)                 1132 (70.1)                          2.63 (1.68)   0.97          0.71   0.99   0.97       0.90
  Grades                                                                                                                                                                                        
   G5 (n=496)                        10.9 (0.66)                          52 (10.5)                   53 (10.7)                            0.65 (0.71)   0.77          0.73   0.75   0.98       0.73
   G6 (n=484)                        12.0 (0.60)                          182 (37.6)                  176 (36.4)                           0.80 (0.57)   0.91          0.83   0.94   0.97       0.86
   G7 (n=507)                        13.0 (0.63)                          364 (71.8)                  354 (69.8)                           1.22 (0.79)   0.95          0.90   0.98   0.96       0.94
   G8 (n=440)                        14.0 (0.68)                          404 (91.8)                  394 (89.6)                           1.74 (0.86)   0.97          0.92   0.99   0.92       0.97
   G9 (n=429)                        15.1 (0.69)                          419 (97.7)                  411 (95.8)                           2.58 (1.03)   0.98          0.90   1.00   0.90       0.98
   G10 (n=388)                       16.1 (0.73)                          38 4 (99.0)                 383 (98.7)                           3.23 (1.09)   0.99          0.50   0.99   0.50       0.99
   G11 (n=346)                       17.1 (0.71)                          346 (100.0)                 342 (98.8)                           4.02 (1.16)   0.99          --     --     --         --
   G12 (n=388)                       18.3 (0.71)                          387 (99.7)                  383 (98.7)                           5.18 (1.34)   0.99          1.00   1.00   0.25       0.99
  Awareness in reproductive health                                                                                                                                                              
   \<25% (n=838)                     13.0 (1.86)                          481 (57.4)                  445 (53.1)                           1.84 (1.23)   0.91          0.71   0.98   0.96       0.82
   25%--50% (n=1552)                 14.2 (2.48)                          1130 (72.8)                 1127 (72.6)                          2.73 (1.70)   0.98          0.82   0.98   0.96       0.93
   \>50% (n=1088)                    15.3 (2.44)                          927 (85.2)                  924 (84.9)                           3.36 (1.80)   0.99          0.93   1.00   0.96       0.98
  Tanner breast stage                                                                                                                                                                           
   B1 (n=223)                        11.1 (0.79)                          2 (0.90)                    9 (4.04)                             0.61 (0.48)   1.00          0.77   0.22   1.00       0.78
   B2 (n=364)                        11.6 (0.94)                          59 (16.2)                   63 (17.31)                           0.84 (0.50)   0.92          0.77   0.86   0.99       0.80
   B3 (n=818)                        12.7 (1.33)                          472 (57.7)                  452 (55.3)                           1.28 (0.92)   0.93          0.84   0.97   0.94       0.89
   B4 (n=976)                        14.5 (1.62)                          910 (93.2)                  889 (91.1)                           2.29 (1.28)   0.97          0.80   0.99   0.92       0.96
   B5 (n=1095)                       16.9 (1.54)                          1093 (99.8)                 1081 (98.7)                          3.95 (1.62)   0.99          0.50   1.00   0.14       0.98

\*203 out of the 3478 girls (5.84%) were unclear about their status of menarche by CASI.

M, mean; NPV, negative predictive value; PPV, positive predictive value.

After physical examination, 2538 (73.0%) and 2496 (71.2%) girls who underwent FFI and CASI, respectively, were found to have attained menarche. Two hundred and three (5.84%) girls were unclear about their status of menarche during CASI ([table 1](#T1){ref-type="table"}). Compared with FFI, the sensitivity, specificity, PPV, NPV and accuracy of CASI method were 0.97, 0.80, 0.99, 0.96 and 0.92, respectively. The PPVs increased, while the NPVs decreased, with increasing grade and later Tanner breast stages. Among girls in grade 5, the sensitivity, specificity, PPV and accuracy were \<0.8. The specificity was lower among girls from rural area (specificity: 0.71) or those with a lower awareness of reproductive health (specificity: 0.71; [table 1](#T1){ref-type="table"}).

Among the 2458 girls who reported their menarcheal age, the average age at menarche was 12.5 years in both FFI and CASI. The Pearson and Spearman correlation coefficients for the age at menarche between CASI and FFI was 0.802 and 0.869, respectively. The partial correlation coefficient was 0.728 after adjusting for locations, grades and awareness of reproductive health. The Pearson, Spearman and partial correlation coefficients were increased with increasing grade and awareness in reproductive health. Among girls in grade 5, the Pearson, Spearman and partial correlation coefficients were 0.369, 0.678 and 0.335, respectively ([table 2](#T2){ref-type="table"}). The mean difference in the age at menarche between CASI and FFI was 0.05 years (SD: 0.82 years). Approximately \>95% and 76.3% of the difference in the age at menarche between CASI and FFI ranged within 12 months and 3 months, respectively ([figure 1](#F1){ref-type="fig"}). The time interval between the age at investigation and age at menarche had a small effect on this difference (correlation: 0.189) in the investigated population ([figure 2](#F2){ref-type="fig"}).

![Bland-Altman plot showing agreement of age at menarche between CASI and FFI. The line in the middle represents the mean difference in age at menarche between the two instruments (M=0.05), and the two other dotted lines represent the upper and lower limits of agreement (M±2 SD=−1.59, 1.69). CASI, computer-assisted self-administered interview; FFI, face-to-face interview.](bmjopen-2017-016799f01){#F1}

![Correlation between differences CASI and FFI across the time interval since menarche to investigation (partial correlation=0.189). CASI, computer- assisted self-administered interview; FFI, face-to-face interview.](bmjopen-2017-016799f02){#F2}

###### 

The correlations in menarcheal age between computer-assisted self-administered interviewing (CASI) and face-to-face interviewing (FFI) among girls who have attained menarche

                                     Age at menarche (years)   Pearson correlation   Spearman correlation   Partial correlation                                                                      
  ---------------------------------- ------------------------- --------------------- ---------------------- --------------------- ---- ---- ------------- ---- ---- ---- ---- ------ ------- ------- ---------
  Total (n=2458)                     12.5 (1.18)               11                    12                     12                    13   15   12.5 (1.44)   11   12   12   13   15     0.802   0.869   0.728
  Location                                                                                                                                                                                           
  Urban (n=1343)                     12.3 (1.12)               11                    12                     12                    13   14   12.3 (1.37)   11   12   12   13   14     0.782   0.856   0.711\*
  Rural (n=1115)                     12.7 (1.22)               11                    12                     13                    13   15   12.8 (1.48)   11   12   13   14   15     0.810   0.874   0.748\*
  Grades                                                                                                                                                                                             
  G5 (n=40)                          10.6 (0.82)               9.5                   10                     10                    11   12   9.79 (2.40)   9    10   10   11   11.5   0.369   0.678   0.335†
  G6 (n=165)                         11.4 (0.69)               10                    11                     11                    12   12   11.2 (1.23)   10   11   11   12   12     0.488   0.674   0.475†
  G7 (n=346)                         11.9 (0.87)               11                    11                     12                    12   13   11.8 (1.16)   10   11   12   12   13     0.601   0.773   0.596†
  G8 (n=392)                         12.3 (0.99)               11                    12                     12                    13   14   12.4 (0.99)   11   12   12   13   14     0.816   0.817   0.806†
  G9 (n=410)                         12.5 (1.06)               11                    12                     12                    13   14   12.6 (1.21)   11   12   13   13   14     0.741   0.871   0.731†
  G10 (n=380)                        12.8 (1.06)               11                    12                     13                    13   15   13.0 (1.22)   11   12   13   14   15     0.769   0.811   0.754†
  G11 (n=342)                        13.1 (1.10)               12                    12                     13                    14   15   13.2 (1.35)   12   12   13   14   15     0.730   0.779   0.710†
  G12 (n=383)                        13.1 (1.22)               11                    12                     13                    14   15   13.2 (1.26)   11   12   13   14   15     0.870   0.872   0.867†
  Awareness in reproductive health                                                                                                                                                                   
  \<25% (n=436)                      12.1 (1.13)               10                    11                     12                    13   14   12.1 (1.58)   10   11   12   13   14     0.710   0.866   0.585‡
  25%--50% (n=1102)                  12.6 (1.19)               11                    12                     12.5                  13   15   12.6 (1.34)   11   12   13   13   15     0.808   0.868   0.731‡
  \>50% (n=920)                      12.6 (1.16)               11                    12                     12                    13   15   12.7 (1.26)   11   12   13   13   15     0.845   0.867   0.804‡

\*Partial correlation adjusted by grades and awareness in reproductive health.

†Partial correlation adjusted by location and awareness in reproductive health.

‡Partial correlation adjusted by grades and location.

M, mean.

Discussion {#s4}
==========

In the present study, we examined the capacity of CASI to correctly classify the status of menarche and validate the self-reported age at menarche compared with FFI, the reference method. We generally found that the validity of the status of menarche obtained by CASI was satisfactory due to higher scores obtained for the indices (ie, sensitivity, specificity, predictive values and accuracy). PPVs increased and NPVs decreased with increasing grades and Tanner breast stages. This negative correlation of PPV and NPV was probably attributed to the increased prevalence of menarche across the age groups.[@R15] The Tanner stages of breast development and school grades generally increased with age.[@R21]

We also found that the menarcheal age reported in CASI closely agreed with that in FFI. The discrepancy in the age at menarche between these two interviews varied by an average of 0.6 month. The average age at menarche in CASI was 12.5 years, which was similar to that of FFI. Dorn *et al* [@R23] conducted a cross-sequential study in 253 girls categorised into four age cohorts to explore the reliability of age at menarche across time points and methods. They reported large discrepancies in the age at menarche between the phone interview and FFI across 12 time points.

Moreover, we found lower scores of sensitivity, specificity, PPV and accuracy and a medium correlation of the age at menarche between CASI and FFI among girls in grade 5. We also found a relatively low specificity in those living in rural areas and those with a low awareness in reproductive health. Such lower scores would be due to the low awareness in reproductive health.[@R24] In our study, girls in grade 5 attended primary school and were aged 10.9 years on average. In China, most girls initially become informed regarding reproductive health, including menarche, in grade 5.[@R25] Girls who were not knowledgeable about menarche would probably not fully understand the questions that were asked from them during the interviews, which can result in inaccurate answers.[@R26] In our study, 603 (17.3%) girls did not know what menstruation was, and girls in grade 6 or lower had lower knowledge of menstruation than girls in grade 7 or higher. According to the subgroup analysis regarding the girls' knowledge of reproductive health, including menstruation, the correlation in the age at menarche between CASI and FFI was poorer among girls with low knowledge. Girls living in rural areas of China may have less access to computers and poorer computer skills compared with those in urban areas, which could impact the ability of the girls from rural areas to respond accurately during the CASI. Furthermore, the accuracy of the timing of menarche can be influenced by recall bias from the study participants.[@R5] In our study, the time from menarche to study participation had only a small effect on the difference between FFI and CASI. The correlations in the age at menarche between interview methods also showed similar results across time.[@R26]

In the present study, conducted in a large population of 3478 schoolgirls in six provinces of China nationwide, we validated the use of CASI for determining girls' status and age of menarche attainment using FFI as a reference. FFI has been considered a valid and reliable method[@R26] for measuring menarcheal age based on long-term[@R28] and short-term recalls.[@R5] However, our study was based on a cross-sectional study, and the data regarding menarche collected using both CASI and FFI were self-reported and not prospectively recorded.

Conclusions {#s5}
===========

The timing of menarche investigated in CASI was valid among all Chinese schoolgirls, except for those in grade 5 or lower, which suggested that the CASI method should be used with caution among Chinese primary school students.
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